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[57] Abstract: 




PROBLEM TO BE SOLVED: To obtain the subject new gene consisting of a DNA encoding 
protein with a specific amino acid sequence, capable of giving a lactate 
dehydrogenate gene distruption strain of microorganisms, and enabling byproduct 
lactic acid to be reduced in the production of fine chemicals. 

SOLUTION: This gene is a new latctate dehydrogenase gene encoding a protein with an 
amino acid sequence of the formula, or a protein with an amino acid sequence 
wherein one or several amino acids are deleted, substituted or added in the amino 
acid sequence of the above formula, also having lactate dehydrogenase activity, is 
useful for e.g. the production of a lactate dehydrogenase gene-destructive strain 
of microorganisms under the principle of homologous recombination with a chromosome 
DNA, and is capable of reducing byproduct lactic acid in the production of various 
fine chemicals such as amino acid and other organic acids by the use of the above 
distruption strain. This gene is obtained by screening a chromosome DNA library of 
corynebacterium such as Brevibacterium flavum by the use of its partial fragment. 
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[M#*l] TIB (A) Xit (B) l^-f^^R 

(a) e*i** 2 csh-t $ / ®mm*%-r 5 * 

(B) ffi^J#^2|C^TS y&ffiyiJfcfcV^-C, 15£L 

5/&E?iJ/!>>£>&<5, fro* 7^7-hft Kn^-r— 

[»#^2] TIB (a) 3U* (b) (C^-fDN ATfc 
5ff#Sl8B*<DDNA. 

( a ) ga?nj#^ 1 \£^}g&mm&%tt dn a„ 

( b ) B?0** 1 fc *-«USBHI fctff 5DNAi7 h 
DNAo 

[fft*£3] »*Sl|B«©DNAi8S^^#-tat|g 
SftTfcSiBftx^^-DNAo 

[fi*^4] ia?iJ#-^lE««DNAfcL<H:r<DD 
NAi^Ml^xyh fc*#T"C'W :7" y ^ X-f* 
DNA, Xtt*»-88!i^^^-tcigig$tl-C!tSia» 

[ff#Jf5] H^l«L<ttit*3S2iB«(DDN 

— DNAt, 3&£«BflS©&fe#DNA±©7*x-h 

[ts*S7] ay^aiW»As> Tvex^y^A- 

9=7— h^fc Koy-7— £it^Hfc«8c£#Ja-Cigj| 
[0 0 0 1] 

9=7— h^t h'oy+-i!m&*wm<ofta0j8s\£n 
03!)*iiift*cD7^7-hft Koyt-^*3 

- K*3DNA«#»t«;ft*B^fcSte#DNA&© 

ftmmmz.(DEmK£z^ =79=7— b=?t Kny-t— 

[0 0 0 2] *J*tt» T?y»» WW§©#17 7-1' 



[0 0 0 3] 

[&&©&«] 7^r- hft Knyt-fti^ n = ^ 
I'T 5 K • T*f~> • 9 K (NADH) 

&#?©*«&ts©«-«:7 7 4vt% x^xzmm. l ± 5 

©?LS£:!lij£ £8)* Soffit L-C, #g*©i&8t{i«&«£ 

*P ^^TV^fc (K.Akashi et al., Agric.Biol. Chem. , 
43, 2087, 1979) „ 
[0 0 0 4] 

as&gifc!?, 77^ ><7 5*^X^iSjtLJ;5i:-r5 
-/H-5£lo4v\ =79=7— h=rt: Kcyt-fgtt 

[0005] ^^-h^t Yor-r— extm-oum 

£*l,fc«&£lfelS8c<t LTte, 7C®0 (Escherichia coli) 
(J. Bacteriol. , Vol.153, p. 588-596)^T*fel?jiX'CV">-5 

[0 0 0 6] 

7*t Koyt- eae^DNAfciwB-rarfcicjfcsb 

U KDNABf^^rfflvSCtlciJ;!)^^?^^- 
Fft Kn y-J— tfaeflWW««rfti*r 5 r t *s "Tffi 

[0 0 0 7] -r/i^, *38K©ili'r±, TIB (A) X 
(B) IC^-f^y/N^WSra- K-f-SDNAKfcSo 

(A) BW##2K*-fT5y«B5!ISr#-J-5^W<^ 
K. 

(B) E5H«*2fc*i-T5>'IIE5!IKJ8V^T» l^L 
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[0 0 0 8] ilEDNAfcLTSttttfctt. TIE (a) 
X\* (b) {CTF-fDNA&mf htlio 

(a) EM#*lKl*ii6aEMSr^tfDNA. 

(b) EJJ#»1 lC*-TifiaBJ!ISrW-raDNAi^ h 

DNA 0 

[0 0 0 9] MIEDNA^^^-lcia 
«*n"CftS|aiftx.^^-DNA. &t/, E^J#^1 
E«^DNAt> L< Htr©DNAt^ h y ^xyF4 

[0010] JOTBDNAXtttt**/* 

^^-DNAt, «^«jttia©Sbfefl:DNA±07^7 t 
[00 11] *»«Wt*fc, im^f^-h^t Kny 

[0 0 12] ±l5^^x-hxt: Kny-^— tfJtfi^ 

lthu =<y*amu *9 

^Ubr/^^-r y #A • M J — 2 3 3«5j&S*tf 

bftSo #3&9!<rj l"7^r-frt Kn^f (L-la 
ctate dehydrogenase : EC 1. 1. 1. 27) J bfc. ^=ify 
T$ K-7t^« VHrvOr^Y (NADH) 

t-f^^-Kt^DNA^ ffijc± r?*y— h^t 
Kn^-^ae^j i^5w£as<fe£ 0 SIT. 

[00 13] 

t Knn^^3-K«lg^fc^ fflflB (A) 
Xte (B) {c^i-^^^RSra— Ki-5DNA-e* 

So 

[0 0 14] *^7^f-hrt Kn^-J— tfJtfi 

i?«tt£*rf s =» y *a*iaTS)jitf»K:«!iiR«t4 
[oo 1 5] ±e©±5fc=y*ffln*fcL-cHu ^y 



7/UMJ-2 3 3»Wf>Wo Bgfp 5 

0 6 8#t LT#ft£*U BS?P5 6^5fl 1 

4 9 7^- (FERM BP- 1 4 9 7) tf>SK#-§-C* 

[0 0 16] £*Tfc, ±IB«±*^e>5^7 t -hf f t K 
nyt-fig^DNA»fii^llt5m 
DNAWrJfSrflV^^^-hf 5 * Knyt-«Itt 

[0 0 17] *I^7^7-h7t Knyt- IffflS 
^DNASffrft ny^ittS^MDNA, Aftft 
tCtt, TVtVS^y ?A • (Breviba 
cterium f 1 avum) MJ-2 3 3 (FER 
M BP- 1 4 9 7) ^^M^DNAA^OTM 

[0018] *1\ ±E=* yearns, w^a^utr^ 

^7yDA'77^MJ-2 3 3Srfft « 
MBg 5 1 — 1 3 0 5 9 2#$H K&VM&SU 

feftDNAIi, #BB¥5-1 5 3 7 80>3B6fl! 

1 (A) k:|5«o*t6«k:J:5*^e>»fil!:awt'a 
[0 0 19] ±iamtt<t!9^fefls:DNA^14Wi-^»^iC 

[0020] temn ('^a* • ir^y*) m<r>yz*r 
i^ttoii5v>si55x^?>a?aii? y y ^ 

U^K«r^?>f^-fcLT#y^5-*««[R« (P 
CR) «r1?v\ 7^f-h7t Kn^t- 

^ 3 *s i 4 i^i-r ^ / hb^i icffi a -r 5 m&m^ 5 

#tf&*b5. E?iJ#^3 4o<t^4l^-rr^yKiB?iJ 

•y-^y -X(B acillus subtil is)) , ? 
9 Y^yfJ* • 7 try" 4 * (Lactococcus 
1 a c t i s ) > n^7Xv • /^J t-a-^nT 
(Mycopl a sma hyopneumoni a 
e) \ ^F^h^y^^- ^ (Strep 
tococcus mutans) , 7^ /^/V* • 
fi^i^ (Lactobaci 1 1 us casei) RB 
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[0 0 2 1] PCR"C#fe;h,fcDNAWJT-*»3**P 
, WitfpGEM-T (^n^^ftt 

St) -f-y^n-^v^u xi/ x ytr^y jmi 
09ft (digits!) £7£»e&i-So £0*MQMft* 

U a^e>*«fe, Wx.fi7;>*J-SDSftl:J:!)^ 
K«rtttU+S 0 Z.<o-fy^% KK*PA**tfcDN 

Fft Kpyt- tf»e^sr-&tfDNA»^t*»-rs 

[0 0 2 2] WbtbfcDNAW^oiUIJBWB:, «*. 
tf, ^**SOC*U*^K§Nfcifc [Dideoxy chain te 
rmination & ; Sanger, F. et al. , Proc. Natl. Acad. 

sci.U.S.A., Vol.74, p. 5463, (1977)] 

[0 0 2 3] ±B©i5i:u, *KIHfc«-c?»6*tfc 

-^2|2«OT^/^K^J<7)8 6#Bd^e> 1 7 9#@£-C 

Sffi^ij^o2 5 6#aa>e>5 3 7#@iwfiss^ 

[0 0 2 4] 7^f-hffc KDyt^amM 
*tfDNAW>t"SrllSlcHt, 

fi#DNA9^f^5 9-«:fP«U -bfBy^x-h^t 

e^***tfftft#DNA*JW»^5^^*rf b*t 

[0 0 2 5] (A) ftfe#DNA7^^?y^« : 
±BW*J:9ttHJLfcftft#DNAS:iiSft«IS»*, 
Mi«Sau3AI^ffl^TM^U x>>xyt7 

•^iJ (Escherichia coli) ^<Dfe^ 

XFIXII 0IC#«»« (ft) J» §©7A^77^ 
pUC 1 1 8 (*fijg3K) . pBR3 2 2 

(Sigig®!) , =3^^ KpWE-1 5 (Stratag 
enetfcK) m<D7y* $ K-** ^-^W5>Jx5p 

[0 0 2 6] ±B»5^IWi:j;9»6>n5«-<f*:DNA 
•rtfoJiE'*** — <£>#A. ^Iitf7r-^^- 
* F I x I I (3W¥»g{ (ft) 80 ^ojf Att, 93 ft 
fHRIMt. fiSitfS a u 3 A I-CBHSbfc^^-tlfR 
###DNA(#rJt^£T 4DNAJ ^f^ffll^ife 



A7^f^7y-«b^o 

[0 0 2 7] (B) y$*r— YyM Ko^f- tfifte^- 
*^tr^^#-©»JiJ:±B (A) ^BifiLfcSkfeft; 
DNA7^y7y-^b7^7- hft Kn^f- £it 

^<0&fe#DNA 

(Escherichia coli) <£>7£S^ 

[0028] Attttfciwu ±B7 7 ~2^<* * — Ss** > 
xy tT • ^y (Escherichia col 
i ) , P 239 2ft[Ausubel et a 

1., Nucleic Acids Res., Vo 
1. 7, p. 1 5 1 3 (1 9 7 9) ] lOGftS*, 

n-tr/i^n— *KK:#LSk»K :07r^DNA^ 

^^^y^f->3 > [Mo 1 e c u 1 a r C 
loning, Cold Spr ingHarbor 
Laboratory Press (1989)] 

*t*t5o :/utf/^r U VJ* • 7 7^M J 

2 3 3Mfi#DNAft^7^7-hrt Ko^t 

~«Mb* £#1" 577-^?- *^tf JIWWA# 

[0 0 2 9] *5v*tt±B:/9;*5 K^^-fcJSvvc 
ftft#DNA?-f^?J-*WLftJWfctt, rcoy 
^^y-DNAWxytr-^y (Escher 

ichia coli) JM109 (SB5£S) £«K 

an=-/N>f/!)^^3Vit [R. Bruce 

Wallace, et al., Nucleic 
Acids Res., Vol.9, p. 879 

(1981) ] %ftozk\c£oxi> mm-tim-eh * 0 

[0030] Hie, ±EoJ:5fcLTa9J*ixfcj|fStW 
A«cfeaVMi^Rte^J:9 7T-i>DNA, *>5^tt 
/7^^; KDNA*«HU fllARfr^Sra^ftnR»3K 
^-^^ v) ft-f- t r*PJ©DNA^#t 

[0 0 3 1] ±B«M^lci:oT«9ffl*JxfcDNAWf>i- 

->aV[E. M. Southern, J. Mo 
1. Biol., Vol.9 8, p. 503 
(1 9 7 5) ] fc*T3rfcfc:j:!K yty-Yyt Kd 

t?ate*## adn AUfK-rtJcflqt-ra - t 



-4- 



[003 2] r<D£?KLT#^;ft,6DNA^fttf>lo 
t LT X ±!E7VhX*xy • 77^UMJ 2 3 3 
«afft#DNASriHI8»*H i n d III-eijn»rL-C#<b 
ft*, 4. 8kb^DNAf^iif5:t 

«gb?iisorb»is^ i ic»-rr 5 j wsssw 

(07^/i#^l-3 14©31 4ffl(DT^/^E^iJ^r 
fc. *fc* WfcHfciftSEfll (EW**1) fctt, «TE 

[0 0 3 3] ^SWfcferta^^^-h^fc Knyt- 

DNA^gf, Wttf^y ^-r^ttR/*!) ^10 0 
OM DNA^M (Oligo 1000M DNA Synthesize 

r) &m^X&f££ti1ti><o-eh'iXh&\<\ 

a*t>*V>jgffl-C, E?IJ##2(C^1"T^ /KE?lJiC*3 

ftinSixfcr$/KEy!l«:=-Kr5DNAt, #380! 

Tx ±5#SL<f±2 0ft«T-?S>5. 
[0 0 3 5] iEOiSftDNAOHHifcLT* «*. 
EW*©EM«#lKIE««>«UiEW*r#i-*DN 

Ai^niy^F fcfcttTtw ^ y ^>r xi- 5 d 

Sr^Ti-a^^^WSra-Ki-SDNA^rf &ji5 0 
^g®H±. Mx.ll 6 0%£Uu 94L<li8 0%H 

±o«iattSr^rf5DNAia±ds^yy^xL, * 

[0 0 3 6] &3£-f5<fc5t^ *^ODNAS:3 

LTv\h,tf«fcv> 0 ioi54«Bttiim #*u< 

Ht9 0%£Lb. £0#*L<tt9 5%«±©ffiHtt#¥ 



^»<Of^®{cfflv^aDNA^l > M*l07^T-hT 

^iaot7^f- KD^-^ae^sr 

DNA©-«T?fcottJ:^. r£-0-«5itt, 
<f*5 0iftSSU:. i9#*U<f41 OOlfiSaiOS 

[0 0 3 7] XftWaiyfT-hrK Kn^-J--- ifae 

A#*A*hfc*£*, «iLtf*»WODNA*^<^^ 
-CM^T^SM^^^-DNA^l^^ 

[0 0 3 8] *fc % *»fl©DNAH ^y^S*ffl^cO 

Sri!6S-C#5 0 ««ODNAX^-S^ffl^f: 
^!JM)»I07^T-hrt Kny-J—gJte^WK 
fefcLTf*. KDNAS:^^>r^>Wttaie^*>5^ 
|^07A7xr:3 -yUBffilfi^^-^ - 1 JS£ 
l>1t&s «*/^W^ife(Blectroporation)*ic:J: «9^fr 

rte«ALfc*. ^-*—ew4-r*-ticj:o, fin 

a (Biosci. Biotech. Biochem. , Vol.57, p. 2036-203 
8, 1993) o 

[0 0 3 9]KLTl#P)tl58t»^ 7*7^- h 

[0040] x&vfiiDjmtexvmmztiZTs/wtii 

[0 04 1] 

immrn] a±^**wsr»WL-c#fc35s. re©** 

[0 0 4 2] [^Jfe^Jl] Xl^^^T^y • 77^ 
AMJ-2 3 3S^(D7^f-Fft Kn^+— 
•?»f>T*^-SB (ABrK*) ©*n->{fcte£tre©«£E 

[0 0 4 3] (A) /Hf/^f y ^ A • 7 7^AM J 
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-2 3 3 0*DNA©ttffl 

2f^**»A#» [ffi^ : JKiff 2 g> (NH 4 ) 2 S0 4 
7g, K 2 HP0 4 0. 5 g, KH 2 P0 4 0. 5 g, M 
gS0 4 0. 5 g, FeS0 4 - 7 H 2 0 6mg > Mn 
S0 4 - 4-6H 2 0 6m g> B&^**2. 5g. # 
iF^/^5g. 1:^20 0^,1^7^20 
0/ig, ^3-^2 0 g> ^@7Kl L] 1 Lie. ^1/ 
^f!)^A-77^MJ-2 3 3 (FERM B 

P-1 49 7) *M*m*HS-Ctt*U 
#fc 0 #5>nfcMft«r 10mg/ml OjgfttC 9 
ASr&tMOmM NaCl-2 0mMMJ7i»$ 
(pH8. 0) - ImM EDTA • 2Na*ttl 5m 
1 RIRMLfc. 

[0 0 4 4] ftlc, ±lBJHjBttfc^n^^— SKS:, ft 
fflMt#l 0 0/z g/m ifctt**5fc«!inu 3 7t 
t? 1 WIDfiHI bfc 0 * 6 K Kf* S'/WWW- h !> * A £ft 
»SR«d5 0. 5%fcfc5J;5fcSyniU 5 0^6^ 

filtfcH, ±SSrS^« (5, oooxg, 205* 
RL 10-12t) U ±itH#*5mu BHW-MJ 
?A£0. 3Mfc46J:$fc«toLfc«, 2{§*^* 

/I'T&ifrLfcSL fLf£Lfc 0 #bHfcDNAtCl OmM 
hy^^ffifK (pH7. 5) -ImM EDTA • 2N 

UT, PCRlCflMJUt, 

10 0 4 5] (B) /7>f^-Ol« 
7^r-hftKnyt^lgm m«^»-C{i, 
✓<?7l/.X • 1^ JJ * (Microbiology, 142, 3047-3056, 
1996) , y? b^y** • yty-JT* (J. BacterioL, 

174, 6956-6964, 1992) , Y>f n^Xv • /^t- 
ol— ^-^T (J. Gen. Microbiol., 139, 317-323, 199 
3) , ^h^^y^;^. (GenBank Dat 

abase Accession No. M72545) , bsif-AsX • %H 

(Appl. Environ. Microbiol., 57, 2413-2417, 199 
1) Q<D%><Dtf%\btlX^^Z> 0 :tie)5M»7 

**wu BB^JS^3*5itK4or^/gaa?asrS^ 

>fv-irl«U Tzfyj K • ^t^rAX (Ap 
plied Biosystems) ttS3 9 4 DN 
A/RNAv'ViriMlf- (synthesizer) 

[0 0 4 6] (IB^J#-^ 5 ) CARAARCCNG GNGARAC 
(EyU#-&6) TCNCCRTGYT CNCCNAT 

RttAXttG, YttCXttT. NttA, G. 

cxiit^l, ::tAitrf-^ gh^t-v. 



[0 0 4 7] CHe>2o«)^5-<^-SrfflV^T±fB 
(1) -C»i«L^9jfe#*«@!4:LrPCR«rfT5fc, 

(a) t (b) ©a*^fofC» 3 0 0 b p (DRj&m® 

[0 0 4 8] (C) 

PCRRlS^— ^^tt$S[(ODNA^ 

[0 0 4 9] : 

50mM KC 1 

1 OmM Tr i s -HC 1 (pH8. 4) 
1. 5mM Mg C 1 2 
HSDNA 5 n 1 

±15 (B) Xft^tzZfyJ^- $-*0. 2 5mM 
dNTPs ^ 2 0 0 /iM 

Ta qDNA^y * y — V (Sfi3t) 2. 5 unit 
s 

BLbSrS^U 100//U Lfc c 

[0 0 5 0] PCRW^/V : 
T^^U— S/g^Sg: 9 4<C 6 0^ 
T^-y ^iBS : 5 5X> 1 2 0# 
i^7^3 : 72t 18 0|j> 

J^LhSrllM^A^U 3 0if>f*/HTofc 0 

[0051] (d) ra&^o&m 

±12 (C) -CfefiKLfcKJ&ttl 0/* 1 £2%7#n-* 
y/W!U;9««8clbSrffo'Ctt3 0 0 bpOlJf-<o«tU 

[00 5 2] (E) itffi»f>T-C0^n-^{b 
±IB (C) »T?»fcfiJE*3ji 1 PCRl^n- 
^y^^-pGEM-T (PROMEGAi^ 
IE) l^l^U 5 0mMMJ^gf« (pH7. 
6) , lOmM^f^Wb^K ImM ATP. 
lOmM MgC 12&tfT4 DNAP^-f 1 u n i 

[0 0 5 3] '&t>ti1tyyx$ K»«*JHv\ Wc*a> 

i/ty Ajfe (Journal ofMolecular 
Biology, 53, 159, 197 0) \C HQ*.*/ 

xytr-3!)jMio9 (3MH) Sr^e&&u 
rytvyysomgSr^jfi [hy^byiog, 

^^hx^hy^hsg, NaCl 5g&tf*?c 
1 6 g StSBtK 1 Lfc*#] KfetfcLfc. 
[0 0 5 4] ro#»±o±W«sSr»ifefcJ:9«fl«« 
U ««KJ:9^?^$ KDNASrttfflU tt:/5*5 

7*7*^ KpGEM-T<D;ft£ 3. Okb^DN 

awk-kio*.* g^3o o b p (onxmntm^bfi 
[0055] ( f ) mm* ojuBen®K& 

(E) *-e»6ttfcfiS*s»3 0 0 b poit^wfrico 
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(dideoxycha in terminat ion 
ft) (Sanger, F. et al. , Proc. N 
at. Acad. Sci. USA, 7 4, 5463, 
1 9 7 7) fciDSWSUfc. fetifcDNAia 

S/HKMo-lBJ^fcJitvvteHttSr^u *DNASr)j- 
^Hf/^7 5!>^ • yjs^JU M J - 2 3 3tti* 

[0 0 5 6] [£lkffl2] Xl/fcVS^xy 9 A • 7 5^ 
AMJ-2 3 3ft^7^r-h7t KD^t- ^ite 

(G) 9/ S • ff^T'y^f-v'a y 
±1B (A) ^-C^yutf/^^xy *A • 75/UMJ 
-2 3 3ffiOM<*DNA»90/z I KMHHRH 

i n dill, 5 0U (u n i t s) SriPi, 3 7trCl 

LKofc 0 ttG (E) St5#tt7^7-Fft Kn 
y^-ifae^tt^WJtS:, ^SiBH Random Primer D 
NA Labeling Kit Ver. 2 £fflV^T, Exo-free Klenow Fr 
agment AX* [a- 32 P] d CT PKi 9 yi?*T<{ V 
Y—^y^<;V [Anal. Biochem. , 158, 
307-315 (1986) ] Ufc 0 T>f V T^y^ 
/W£ftfc:/u — :/SrJfll\ »4fe [Molecular 
Cloning, Cold Spring Harbo 
r Laboratory Press (1989)] 

[0 0 5 7] -£tf)*Sjg: v H i n dIII«yibfct>Ofl± 
BW--f n ^K±0)jRj 4 . 8kb©tt»:, ±K:/n-y 
< w y y ^ x-T 5 D N AK#0>#fc*flfcB L 

[0 0 5 8] (H) /l/^/^ry^^^UMJ 
-2 3 3ffi^fef|:DNA7^^7 'J 
±15 (A) «-Ci^l/^^7!) ?A • 77/^MJ 
-2 3 3tt0M*DNA»f9!©9O^ UC$flK»igS 
au3AI 5unitsai 3 7t-eiO^S 

a^ mvmmxh o ix*ww&, DNA#y*5~t? 

P^S^-yy? (K 1 e n o w f r a g m e n 

t) SrffllvfdTTP (2* -7t^>f ^v^ys' - 
hy^^^7a:-h) , dCTP (2* -x^^rW^ 

T— — AF IX I I (AFIXI I/Xhol 
— partial fill — in treated 
DNA:»1 W> ttK) tSrjl^U 5 0mMh 
y^i» (pH7. 6) , lOmMW^KH 



A\ ImM ATP, lOmM M g C 1 2, io <fc 
T 4 DNA y £ 1 un i t ©#j*#SrSaniL 

»^>s«r±«:»as-c*>^) , i6tt*io^rw$ 

NA(Z)ADNA7^^7 y-^#fc 0 
[0 0 5 9] (I) gftlUl&ttDNAOBBiJ 
±15 (H) «t?f»UiDNA?^^7j-77^ 
^ (2-5X1 0 4 pfu; SMif»«) x 
i/rc y fcT • a!) P 2 3 9 2©«*ttSrSl:JB^U 3 

V*3^4mlOi»« (1% hy^h^, 0. 5% 
^xdrX, 0. 5% NaCK 0. 2% MgS 

0 4 - 7H 2 0, 0. 5% £#0x.s 
(1% hy^hV, 0. 5% NaCK 0. 2% 

MgS0 4 -7H 2 a 1% U 3 

7t-C12-16 bfCo 

[0 0 6 0] r <Di£t&±.\£~ h n ^ >f /l^— 

«»5»IBi*oKT>f) o»«Bc*Lfc 
it*S±ic:7 /i'*— SreDtfT&S Ufc> 

[0 0 6 1] -<) 0. 5M NaOH, 1. 5M Na 
C 1 

n) 0. 5M Tr i s-HCl (pH7. 5) , 1. 
5M NaCK ImM EDTA 

/>) 2XSSC (20XSSC;NaCl 175. 3 

g, h9 8 8. 2gt:S« 

±B7^^-M««, softer 2 ^Fflffi^S* 
ITDNASri^LfCo 
[0 0 6 2] SMB^^-h^t KnW— 

-KoS ^5-^/^^5 ^<-5/s ytr«ft [Mo 
lecular Cloning, Cold Spr 
ing Harbor Laboratory Pre 
s s (1 9 8 9)] 

[0 0 6 3] ±!5^^X-h7 ? t KP^t- 

3 ^^7^7-^ L DH 2 3 3 $:MLfc 0 LDH2 
3 3^677- ^DNASrtttHL, ©JUSfigH i n dll 

uzxvmmLtctzz, vt -f-ify/^^y 

H i n dUIJ* A©f>t^T^n-^y/VSm*»^ J: 9 

[0 0 6 4] (J) 7^7-h7t Ko^t- 
0-y-^n-^V>/: ±|S (I) «^&ftfc*SjM» 
4. 8 k b(?5H i n dIII-DNA^±iC#ft*T^7 

J*DNA»fr*TEOJ:5fc^?*5 KpU 
CI 1 8 (flc) ftS) ^-fr^n-^^L 

fc 0 
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[00 6 5] ±ELDH 2 3 33&>fettffiLfc:7 7— "S^D 
NAfrfcH i ndHI-CfflflfflSftSDNAKtfi, * 
n-^^^pUCl 18 <©iiB (#) S) 
Sr. #*MRlt*H i n dlirrMSOWLfcflL my 
ft«31Lfct>©«rja^U 5 0mMhMg»fK (pH 
7. 6), 10mM^f^Wh-;K ImM AT 
P. lOmM MgCl 2 *3itfT4DNA!)#-^ 

lun i to*A^«rHklL (#j£#<0»«ttS»»fi 
-C*>5) , 1 6t;-ei 0«fWSI6**, ±IEHindII 

[0 0 6 6] '&<btitzm&KfcWi*m\ m&fi'i/V 
[Journal of Molecular B 
iology, Vol. 53, p. 159 (197 
0) ] je*/*!) tT • 3!) JM1 0 9 (Sfflat 

N a C 1 5 g totT/m* 1 6 g Sr&g* 1 L CM 

[00 6 7] ro««s±ofe^*#i6fcJ:9«fWS« 
U 5 KDNASrttfflU R:/?*^ 

Kfc**MIK**Hi ndIIItei9ffl«fU 'M^y 

KpUCl 1 8<Dg$3. 4kb(DDNA»ffrl: 
iP*., fi*»4. 8kbOHi ndlll-DNASr^ 

[0 0 6 8] ±&V»t>tl1t77X$ KSr#* pUC 1 
1 8-LDH2 3 3 U ^7^^ K-CJKRI6ifc 

Jtifcxi/xytr • =!) j mi o 9tt (80 

Si) ECLDH2 3 3 h-ftZLfr. 

[0069] (k) ttSBHofec 

JdE (J) fl-eWbttfey^y-h^fc Kn^-J— «t 
fi-?-Sr^tpftSd s *Sl4. 8 k bCODNA (H i n dill 
-Hindlll) «tf|c:ovvC\ -t^ttSEJBSrpUC 
1 1 8 (ft) ttK) fc^S^**^** W 

^"f" K6$^& (dideoxychain termi 
nation S) [Sanger, F. et a 1 . , 
Proc. Natl. Acad. Sci. U. S. 
A. , Vol. 74, p. 5463, (1 9 7 7) ] K 

[0 0 7 0] «SBBJ!l*3tOtt*, #94. 8kbCDDN 
A (H i n dlll-H i n dill) »r/tfci\ ^(DM.WSM 

lfc*"t1B*EM«:tf U 3 1 4«*>T5 /Rfca-F 
rS9 4 5«S»J:0**Stu5^i:^t!lWLfc o 

-To WS, wCOjSSBa^Jco^^tt, 3li£taj2<£> (F) 3g-e 
[00 7 1] (IHKflS] ^u^fy?A.77 



/UMJ- 2 3 3S3fe^y^x- hrk Kn^-J— 1?» 
fif (Id hite^) 
(L) MJ -2 3 3S*7^f-Fft Kn^-ifit 

• 7 7/^MJ - 2 3 3**7^7- 

-aico^t, ^v-m y t r • 3 v mftft-enft^izm 

»f5fc». ^DNA®rjf£Ti2tf><fc o\c?yx ^ Kp 
KK2 2 3-3 (7r^Wi/TttSt) ^:/^P— ~> 

[0 0 7 2] *1\ lE^^J-^^^l/^ 
OW«ICft0ia»*Sma I©§I»fl»ttSrii«LfcDNA 
0r)i*«\ TIBC^-t-7 p 7^^-^fflv>TPCRCJ:l9v 

^fcT/^Ty £A • 77^AMJ-2 3 3#c7>&fift: 
DNASr«FS!4:LT*«Lfc. ^PCRlf^^^n^ 

y^^-pKK2 2 3-3 (^r/^i/rttfi) " 

Ittt^^U 50mMh!J7glI ( P H7. 
6) , 10mM^f*^Kb-;K ImM ATP, 
lOmM MgCl 2 *5j:OT4DNAW-f lu 

n i t<D&tf&&mML &i8,ft<o»m±mmm&x~h 

5), 1 6t;T*l 0B#ffflK£$i*\ ±ISSma iBrtfi: 
[0 0 7 3] 

(g2?y#-^7) TCCCCCGGGA TGAAAGAAAC CGTCGGC 
(Ha?lJ#-^8) TCCCCCGGGT CAGAAGAACT GCTTCTG 

[0 0 7 4] »bixfci«SS««ft«v\ 

-^Sfe [Journal of Molecular B 
iology, Vol. 53, p. 159 (197 
0) ] \ZX9 ^s!)tT • ny JMl 0 9 (Siffit 

(80 ttK) fcSfflE&u ryfcVDy so^g/ 

mlSr^tP#» [hy^h^lOg, 4<-*Y^*xY 
y?h 5g, NaCl 5 g*5±tf*^l 6 gSr*B 

[0 0 7 5] r 0«f«±04Wt*ft»ttlc£ 

tx mrnmz*)??*^ KDNA*»mu 

K2 2 3-3<£>g£4. 6 k b(DDNA»ffrtti, * 
£®1 k bODNABr^s*BSixfc. 
[0 0 7 6] ^^^7^^ KfcOVvC* IkbOjf 

p KK 2 2 3 - 3±.{Cfc&1-% t a c /d^^^CS 

ut\ i d hate-?©*— ^vy — • ^y^7i/-^ 

KK2 2 3-LDH2 3 3 ^ U: e ^7^U*pK 
K223-LDH23 ST^S^y tT^U JM10 

9tt^ate^bx#e>tbfc^aemttSr^^^ y tr 

• ^ y E C t a c L DH 2 3 3 Lfc 0 
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[0077] (m) 7^r-hft vuVi—vmm<D 

±12 (L) ^SJL^v/^ y tT-nyECtacL 
DH2 3 3Mry^!)y 5 0/ig/mlSr^tfL 
B Jgift [hy^hyiOg, SH^** 5 g , N a C 
1 5g) KttHU 3 7t;-Cl 5^»^tClS^ 9 
J§#Lfc 0 #^^«^^L^il (3, 0 0 OX 

y ^mmm im& : somM y >^ h y v a^®«( p h 

7.3)] T^r^U/Co 
[0 0 7 8] ft WC, ft#M#0. 5g (MS*) Sr± 

fco MKMbtr&'bftJt do, oooxg, 4t:, 3 
0£H) U ±fflf i:bT»fc. ttfiSiLT, 

a*/*jtr • =y jmi o 9«o«ffiR«irra«e^n 
[0079] y^^-h^b Kn^t- mmm&<Dm 

io4*i:ftv\ tt»*NADH#NAD + fcBMfc**l 
6<D£, 3 4 0nm©R*ai6flSi:Lra(*Ufc [LKa 
narek and R. L.Hill, J. Biol. Chem. 239, 4202 (196 
4)] 0 KJfctt* 50mM^y^A-y ^KJ^»«£(pH7. 
2), lOmM tT/Utf^H, 0. 4mMNADH#S 

t\ 3 7 x:\cxnoit 0 xvxyt7-=y 

JMI 0 9*^&»IJl*tlfc3B»**lJl»L, x*/x y 
fcT • ^DECt a cLDH23 3 A>&HJg£;h/fcfi# 
»5 0«9^^-f^t Kay-*— tfjaH4Sr* 

[0080] mum*: 7^f-hftKnyt^ 

MJ-2 3 3S*M»7^f-hrt Kny^-ifS 

(N) fc^SWfcfllV**:/?** K-<**-<0** 

±12 (E) JS-C^tfc^y^^ K«r2 0#c 1 fcovvt, 5 
OmM hy^®?S (pH7. 5) , ImM v^*" 
^WH^ lOmM MgC12 % 10 OmM N 
aCK fHRSSfliS p h I &&lfS all 1 u n i t 

afirMB»«fr» 300bp£pG EM-W 
«B3kb02o©(rm*i. »6*tfcDNA»« 
^bGe n e C 1 e a n I I (yi~^->tiM) Srffl^ 
T3OObp»J^D0lR£frV\ KDNAMlO/i 1 

p H S G 3 9 6 (^fiiilfctt) ldlOSphl, Sa 
1 I$MWfci»&U 5 0mMhy7« (pH7. 
6) , 10mM^t^Kh-;K ImM ATP, 
1 OmM MgC l 2 &tfT4 DNAU^fl un i 



6) , 4tt?15WWSt > »^**fc. 
[0 0 8 U #e>*bfc^5^^ K8tt*fflv\ 
^ 9 AJfe (Journal ofMolecular 
Biology, 5 3, 1 5 9, 1 9 7 0) fc±D*S/ 

xyt7-nyjMi09 (^SiSSf) *»«telftu 
rvtrs/y y5 0mgittf«» [hy^Vviog. 

^-7M^h7^h5g, NaCl 5gRtf*3c 
1 6gfeIg*lLi:S»] lc&j*Lfc 0 
[0 o 8 2 1 r o«f«±<ofe«»Sr#ftlc i QKfMHI 
WliJ^S KDNAtrttWU ^7^5 

g*. 7 p 7^^KpHSG3 9 6(^)g^2. 2kb(DD 
NABr^^i, g£*$3 0 0 b p 

[0 0 8 3] (O) ^UWfy!)A-77/^MJ 
-2 3 3tt7^T-hrt Kn^-J— i?ite^fc«l*<0 

±12 (N) «-C#feJlfc^5^^ KttMJ-2 3 3 0ft 

HSC'-SA^ife (Res. Microbiol. , Vol. 14 
4, p. 181-185, 1993) iC i 9 y £ A • 7 9 

^AMJ-2 3 3i^AU ^P7A7x^p^ 5 
/* g/ml Sr^tfft* LBciR 2g, (NH 4 ) 2 S0 4 
7g, KH 2 P0 4 0. 5 g, K 2 HP0 4 0. 5g, M 
gS0 4 - 7H 2 0 0. 5 g. FeS0 4 - 7 H 2 0 6 
m g> MnS0 4 - 4-5H 2 06mg, 20 
0/ig, fT^ > 100/tg, ^foi^r^h^^ 

h lg, *ifsy» ig> ^/v^ 2 0 g> Jl 
[0 0 84] ^ (0»iB±©fe*»*»tt^ J: 
y ^ * * iMf ;/ y ^ 3 >-ic i &£#± 

fee S^#DNA«raS4MI8»*T?^lfUfc*, +4 
u^y^^f — (Hybond N T^v'-rMtK) 
l^nyf^y/U ±I2^#^:3 0 0 b p^7^f- 

^v^y^h ( 32 p [dCTP]tffl) 

tt (N) a-ciALfc^7^5K2. 5kbMw^y 
"rVVJ*- 77^A ESAldhrcatl L 

[0 08 5] (P) 7^r»hftKpyt-fg^ 
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±1E (O) T^$gLtf::/UfcV<^y ?A • 7ys<A 
MJ233-Aldh:cat lM^D7A7x^n 
bp. g/ml *%t?mi& LELm 2 g , (NH 4 ) 
2 S0 4 7g, KH 2 P0 4 0. 5g, K 2 HP0 4 0. 

5 g> Mg S0 4 - 7H z O 0. 5 g, F e S 0 4 • 7 H 
2 0 6mg, Mn S 0 4 • 4 -5H 2 06mg, 

v 200n, f7^;y i o o m g, ^r-^ h^^e- 

* t> 1 g, #1? ^JWi. 1 g, ^/Ws— * 2 

0 g, RVs 6 gSr*e*l Llc*«p] (cfflffi 

fc«««SrJSi^(8 (3, 0 00X g> 4t\ 20ft 
N) LT«#*rHJRll, h y jr A- y DfS 

6 : 50mM U >ttf h V *A«««(pH7. 3)] VfflfrL 

[0086] ik^-?. &&m#o. 5 g mmm) *± 

IB"f h y # A — y VgSg»$2m 1 dljSL. Tk^TT 

fc 0 mam&ttoSM a o, ooox g , 4t, 3 

^Utf/^^T y 1>A • MJ 2 3 3-EStt(0 

&IMIft*n*lc|IKU KToflfttWStcttLfc. 
[0 0 8 7] 7^f-fftKa^«ffittOi 

»*>£j£fc:#V\ igiNADH^NAD + |:^ft^ 

3 4 0nm©»36flE«fttLTJI£lfc [L. Ka 
narek and R. L.Hill, J. Biol. Chem. 239, 4202 (196 
4)] o K*SH\ 5 OmM iJ y £A-y ^^®«( P H7. 
2). lOmM fcT/l/tryBt, 0. 4mMNADH#6 

-7ys<J» MJ 2 3 3-ES#^b«*SftftS»* 

ATG AAA GAA ACC GTC GGC AAT 
Met Lys Glu Thr Val Gly Asn 
5 

GTT GGA GTT GCA TAC GCA TAC 
Val Gly Val Ala Tyr Ala Tyr 
20 

CAC CTT GCG ATC ATC GAC ATC 
His Leu Ala He lie Asp He 
35 

ATG GAC TTA AAC CAT GGT GTT 
Met Asp Leu Asn His Gly Val 
50 55 
ACC AAG GGC ACC TAC GCT GAC 
Thr Lys Gly Thr Tyr Ala Asp 

65 70 
TGT GCC GGC GCA GCC CAA AAG 
Cys Ala Gly Ala Ala Gin Lys 
85 

GAC AAA AAC GTC AAG ATT ATG 



l/e/^f!)!>A • 77/^ MJ 2 33-Aldh: 
c a t l**>fe«*ISixfcft»*«lC*5tf55^^h 

rt Knyt- mm*. 1 oam«T-?s>ofc D 

[0 0 8 8] 

[0 0 8 9] *^PJODNAfi, ^T 1 — hxfc 

[0 0 9 0] 

[ga?im] 

E3*J#^: 1 
E^ljO^^ : 9 4 5 

: mm 

&M<DMM : Genomic DNA 

: zTVeX^y £A yy^A 
tt*:MJ233 

«M»Sr*rE#: CDS 
#£ffcg : 1. . 945 



AAG ATT GTC CTT ATT GGC GCA GGA GAT 48 
Lys lie Val Leu lie Gly Ala Gly Asp 

10 15 
GCA CTG ATC AAC CAG GGC ATG GCA GAT 96 
Ala Leu He Asn Gin Gly Met Ala Asp 

25 30 
GAT GAA AAG AAA CTC GAA GGC AAC GTC 144 
Asp Glu Lys Lys Leu Glu Gly Asn Val 
40 45 
GTG TGG GCC GAT TCC CGC ACC CGC GTC 192 
Val Trp Ala Asp Ser Arg Thr Arg Val 
60 

TGC GAG GAC GCA GCC ATG GTT GTC ATT 240 
Cys Glu Asp Ala Ala Met Val Val He 
75 80 
CCA GGC GAA ACT CGC CTC CAG CTG GTG 288 
Pro Gly Glu Thr Arg Leu Gin Leu Val 

90 95 
AAG TCC ATC GTT GGC GAT GTC ATG GCC 336 
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Asp Lys Asn Val Lys lie Met Lys Ser He Val Gly Asp Val Met Ala 

100 105 110 

AGC GGA TTC GAC GGC ATC TTC CTC GTA GCC TCC AAC CCA GTG GAT ATC 384 
Ser Gly Phe Asp Gly He Phe Leu Val Ala Ser Asn Pro Val Asp lie 

115 120 125 

CTC ACC TAC GCA GTG TGG AAA TTC TCC GGC CTG GAA TGG AAC CGC GTG 432 
Leu Thr Tyr Ala Val Trp Lys Phe Ser Gly Leu Glu Trp Asn Arg Val 

130 135 140 

ATC GGC TCC GGA ACT GTC CTG GAC TCC GCT AGA TTC CGC TAC ATG CTC 480 
He Gly Ser Gly Thr Val Leu Asp Ser Ala Arg Phe Arg Tyr Met Leu 
145 150 155 160 

GGC GAA CTC TAT GAA GTG GCA CCA AGC TCC GTC CAC GCC TAC ATC ATC 528 
Gly Glu Leu Tyr Glu Val Ala Pro Ser Ser Val His Ala Tyr lie He 

165 170 175 

GGC GAA CAC GGC GAC ACT GAA CTT CCA GTC CTG TCC TCC GCG ACC ATC 576 
Gly Glu His Gly Asp Thr Glu Leu Pro Val Leu Ser Ser Ala Thr He 
180 185 190 

GCA GGC GTA TCG CTT AGC CGC ATG CTA GAC AAA GAC CCA GAG CTT GAG 624 
Ala Gly Val Ser Leu Ser Arg Met Leu Asp Lys Asp Pro Glu Leu Glu 

195 200 205 

GGC CGT CTA GAG AAA ATT TTC GAA GAC ACC CGC GAC GCC GCC TAT CAC 672 
Gly Arg Leu Glu Lys He Phe Glu Asp Thr Arg Asp Ala Ala Tyr His 

210 215 220 

ATC ATC GAC GCC AAG GGC TCC ACT TCC TAC GGC ATC GGC ATG GGT CTT 720 
He lie Asp Ala Lys Gly Ser Thr Ser Tyr Gly He Gly Met Gly Leu 
225 230 235 240 

GCT CGC ATC ACC CGC GCA ATC CTA CAA AAC CAA GAC GTT GCA GTC CCA 768 
Ala Arg He Thr Arg Ala He Leu Gin Asn Gin Asp Val Ala Val Pro 

245 250 255 

GTC TCT GCA CTG CTC CAC GGT GAA TAC GGT GAG GAA GAC ATC TAC ATC 816 
Val Ser Ala Leu Leu His Gly Glu Tyr Gly Glu Glu Asp He Tyr He 

260 265 270 

GGC ACC CCA GCA GTA GTA AAC CGC CGA GGC ATC CGC CGC GTT GTC GAA 864 
Gly Thr Pro Ala Val Val Asn Arg Arg Gly He Arg Arg Val Val Glu 

275 280 285 

CTA GAA ATC ACG GAC CAT GAG ATG GAA CGC TTC AAG CAT TCC GCA AAT 912 
Leu Glu lie Thr Asp His Glu Met Glu Arg Phe Lys His Ser Ala Asn 

290 295 300 

ACC CTG CGC GAA ATT CAG AAG CAG TTC TTC TGA 945 
Thr Leu Arg Glu He Gin Lys Gin Phe Phe 
305 310 314 

[0 0 9 1] E?IJ#^: 2 h#*&*-:mmVt 

mw<D&£ : 3 1 4 smomm : *>/<?W 

mm 

Met Lys Glu Thr Val Gly Asn Lys He Val Leu He Gly Ala Gly Asp 

5 10 15 

Val Gly Val Ala Tyr Ala Tyr Ala Leu lie Asn Gin Gly Met Ala Asp 
20 25 30 
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His Leu Ala He lie Asp He Asp Glu Lys Lys Leu Glu Gly Asn Val 

35 40 45 

Met Asp Leu Asn His Gly Val Val Trp Ala Asp Ser Arg Thr Arg Val 

50 55 60 

Thr Lys Gly Thr Tyr Ala Asp Cys Glu Asp Ala Ala Met Val Val He 
65 70 75 80 

Cys Ala Gly Ala Ala Gin Lys Pro Gly Glu Thr Arg Leu Gin Leu Val 

85 90 95 

Asp Lys Asn Val Lys He Met Lys Ser He Val Gly Asp Val Met Ala 

100 105 110 

Ser Gly Phe Asp Gly He Phe Leu Val Ala Ser Asn Pro Val Asp He 

115 120 125 

Leu Thr Tyr Ala Val Trp Lys Phe Ser Gly Leu Glu Trp Asn Arg Val 

130 135 140 

He Gly Ser Gly Thr Val Leu Asp Ser Ala Arg Phe Arg Tyr Met Leu 
145 150 155 160 

Gly Glu Leu Tyr Glu Val Ala Pro Ser Ser Val His Ala Tyr He He 

165 170 175 

Gly Glu His Gly Asp Thr Glu Leu Pro Val Leu Ser Ser Ala Thr He 
180 185 190 

Ala Gly Val Ser Leu Ser Arg Met Leu Asp Lys Asp Pro Glu Leu Glu 

195 200 205 

Gly Arg Leu Glu Lys He Phe Glu Asp Thr Arg Asp Ala Ala Tyr His 

210 215 220 

He He Asp Ala Lys Gly Ser Thr Ser Tyr Gly He Gly Met Gly Leu 
225 230 235 240 

Ala Arg He Thr Arg Ala He Leu Gin Asn Gin Asp Val Ala Val Pro 

245 250 255 

Val Ser Ala Leu Leu His Gly Glu Tyr Gly Glu Glu Asp He Tyr He 

260 265 270 

Gly Thr Pro Ala Val Val Asn Arg Arg Gly He Arg Arg Val Val Glu 

275 280 285 

Leu Glu He Thr Asp His Glu Met Glu Arg Phe Lys His Ser Ala Asn 

290 295 300 

Thr Leu Arg Glu He Gin Lys Gin Phe Phe 
305 310 314 



[0 0 9 2] E^IJS^- : 3 
m?W&£ : 6 

mo® : -** 
mnomm : k 

EM 

Gin Lys Pro Gly Glu Thr 
1 5 
[00 9 3] E5B#* : 4 
EElfcfiS : 6 
EWDS!: 



He Gly Glu His Gly Asp 
1 5 
[0 0 9 4] BJIff : 5 
ti&W&Z : 1 7 

minm : mm 
m<o& : -** 
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: RttAXteG, YttCXIST, N(^A > G, CXtt 
CARAARCCNG GNGARAC 
[0 0 9 5] ffi?IJ#-i§- : 6 
iE^iJcDg^ : 1 7 

m<D& : -** 

mwwm : ffi^^se mdna 

TCNCCRTGYT CNCXNAT 
[0 0 9 6] ETII** : 7 
EfliOSS : 21 

: mm 

mm 

TCCCCCGGGA TGAAAGAAAC CGTCGGC 
[0 0 9 7] E?'J#^: 8 
E5!lOfiS : 21 

mm<DW : mm 

TCCCCCGGGT CAGAAGAACT GCTTCTG 



17 

*<0ffi<O« ft : RteAXftG. YftCXftT, NttA, G, CXH: 

17 

E?l©«l:iO«» pfilDNA 

27 

$Ogc : -** 

27 



(51) Int. CI. 6 MMfB* FI 

C12R 1:13) 

(C 1 2N 1/21 

C 1 2 R 1:15) 

(C12N 1/21 

C12R 1:13) 

(C 1 2 P 7/44 

CI 2R 1:15) 

(C 1 2 P 7/44 

C 1 2R 1:13) 

(C 1 2 P 13/04 

C12R 1:15) 

(C 1 2 P 13/04 

C12R 1:13) 

(72)%®% MX <72>»W# »JI| 

^JM»BWJMr**ATB 3# l # XiMtlHAVMATl 3# 1 # 
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